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Sunday, February 16, 2014 75ato unfold arrays of nucleosome core particles, probing structural stability. OT
data shows that forces of 10 - 20 pN are required to fully disrupt the core par-
ticles, and further experiments are expected to reveal the stability of the nucle-
osomes in the presence of HMO1.
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The genomic material of the eukaryotic cell exists in the nucleus in a complex
termed chromatin. Chromatin has evolved as an elegant mechanism for the dy-
namic regulation of the genome, undergoing dramatic fluctuations in structure
throughout the cell cycle. Chromatin structure is spatially and temporally modu-
lated by several means including post-translational modification (PTM) of the
histone proteins. Histone PTMs modulate chromatin structure through two prin-
cipal mechanisms: 1) direct alteration of chromatin structural contacts or 2)
recruitment of co-factors through recognition by cognate effector subdomains.
Histone PTM recognition has been widely studied and families of effector do-
mains have been identified which have specificity for particular histone marks.
However, these studies have largely utilized only a peptide fragment correspond-
ing to the modified histone tail of interest and isolated effector domains, whereas
these domains most often exist in multiples. As a result, there is a large gap in our
knowledge of how these domains recognize modifications in the context of the
nucleosome. Moreover the overarching question of how these effector domains
interpret combinations of modifications remains a complete mystery.
Here wemove beyond the histone tail and address questions of molecular mech-
anisms underlying effector domain association with the full nucleosome. Utiliz-
ing NMR spectroscopy, we investigate the association of the BPTF
bromodomain-PHD finger tandem construct with the nucleosome. The associa-
tion of the individual effector domains with histone PTMs has previously been
reported using histone peptides, revealing the PHD finger specificity for
H3K4me3 and non-specific interaction of the bromodomain with acetylated ly-
sines. Interestingly it was also demonstrated that the bromodomain-PHD finger
cassette associates specifically with a nucleosome containing the H3K4me3 and
H4K16ac histone modifications. Here we investigate the underlying molecular
mechanisms that dictate its association with this specific set of modifications.
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A human body contains enough DNA to circle the Earth’s Equator for more
than 2.5 million times. A long-standing puzzle is to understand the principles
which allow cells to both organize their genomes into chromatin fibers in the
crowded nuclei, and also to keep the DNA accessible to many protein com-
plexes. Nucleosomes, the basic packaging units of the DNA, allow this million-
fold compactification. With nucleosomes covering about three quarters of the
DNA, their positions are essential for gene regulation.
We study physical models which predict the genome-wide organization of the
nucleosomes and also the relevant energies
which dictate this organization [1-3]. We
present a rigorous statistical mechanics
model which is able to explain the recent
experimental observations by taking into ac-
count nucleosome unwrapping, competition
between different DNA-binding proteins,
and both the interaction between histones
and DNA, and between neighboring his-
tones. We show a series of predictions of
our new model, all in agreement with the
experimental observations.
References:
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When DNA is packaged into nucleosomes and higher-order chromatin struc-
tures, it is inaccessible to many vital cellular processes such as DNA tran-scription, replication, and repair. The lowest level of chromatin packaging
is the nucleosome, in which DNA is wrapped around an octamer of core his-
tones. To allow DNA access, the nucleosome must first unwind. Therefore,
the rate at which a nucleosomes unwinds, as well as the mechanism of un-
winding, is vital to understanding how reversible DNA packaging can regulate
biological processes. Using single molecule optical tweezers, we demonstrate
that the nucleosome can unwind into two structurally distinct states at two
vastly different rates. We also show that we can change which pathway is
dominant by changing the ionic strength or by making a single point mutation
in histone H4. These results demonstrate that nucleosome unwinding is highly
tunable and leads to the hypothesis that in vivo histone variants and histone
modifications may function, at least in part, by modulating between these
two states as a way to regulate the rate of nucleosome unwinding and there-
fore the rate of transcription. In addition, structural differences between these
two states could be differentially recognized by proteins and remodeling fac-
tors that act upon chromatin in vivo, as well as provide a mechanism for his-
tone variant exchange.
405-Pos Board B160
Nucleosome Stability is Controlled by the Charge of its Globular Core: Im-
plications for the Biological Function
Alexey V. Onufriev1, Andrew T. Fenley2, Ramu Anandakrishnan1.
1Computer Science and Physics, Virginia Tech, Blacksburg, VA, USA,
2School of Pharmacy, UCSD, San Diego, CA, USA.
The ability of the cell to selectively alter the strength of the association between
the DNA and the histone core in the nucleosomes is vital for biological function
of the chromatin.
Yet the exact mechanism of the control is unclear.
We propose that alteration of the charge state of the globular histone core is
one mechanism for control of the nucleosome stability. The wrapping/unwrap-
ping transition in the nucleosome is first studied by a simplified physical
model which reveals the general principle. Then, we switch to a detailed
description based on the available atomic structures of the nucleosome com-
plex, and models of several partially assembled states of the nucleosome,
including the tetrasome. It is shown that while the nucleosome itself is
much more stable than a typical protein, its peculiar shape dictates that
even small changes in the charge of the globular histone core can significantly
loosen the core-DNA association. All possible single site acetylations and
phosphorylations (PTMs) in the globular core are investigated, and their effect
on the nucleosome stability is quantified; good agreement with the available
experimental points is achieved. While no single charge-altering PTM can
completely unwrap the DNA off the histone core, some PTMs destabilize
the nucleosome considerably. These correlate with known lethal phenotypes
in previous in-vivo studies. On the other hand, many possible PTMs have
negligible effect on the nucleosome stability, suggesting their potential role
as neutral markers. The proposed ‘‘map’’ of the nucleosome stability by
charge altering PTMs can be used to plan future experiments and rationalize
existing ones.
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The binding of histones and the formation of nucleosomes play major roles in
bundling DNA into chromatin in eukaryotic cells. This process not only facil-
itates the packaging of DNA in the cell nucleus but also influences the commu-
nication between distant genomic sites, such as enhancers and promoters found
at the ends of protein-mediated loops. The details of chromatin organization,
however, remain unclear. In particular, the effects of nucleosome positioning
(i.e., the sequential locations of nucleosomes along DNA) on chromatin archi-
tecture are still poorly understood. With a view toward understanding the inter-
play between nucleosomes and DNA in chromatin, we have developed a
mesoscale model of nucleosome-decorated DNA at a resolution of a single
base pair. We use Monte Carlo numerical strategies to unravel how nucleo-
somes shape DNA into chromatin and we validate our model by successfully
reproducing various experimental measurements. With the help of a cloud
computing approach we have been able to perform simulations for a wide range
of nucleosome positionings, that is, for a wide range of DNA linker lengths.
Our results show a broad variety of chromatin organization. This structural di-
versity, which extends beyond the conventional solenoid and zigzag models of
chromatin, comes along with very different physical and mechanical properties,
76a Sunday, February 16, 2014such as apparent bending and twisting stiffnesses and degrees of compaction.
We have also studied how fluctuations in nucleosome positioning can affect
chromatin. We have found that minor changes of the order of a few base pairs
in the locations of nucleosomes along DNA can greatly alter the local and
global properties of chromatin. Our work shows that the synergy between
DNA and nucleosomes in chromatin gives rise to a highly versatile biomole-
cule, which is able to accommodate tight packing while maintaining the acces-
sibility necessary for specific expression.
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In eukaryotes DNA is associated with proteins in a complex structure termed
chromatin. The basic packaging unit of chromatin is the nucleosome in which
DNA is wrapped around a histone octamer. The mechanisms of the folding of
DNA into chromatin are still under debate. Experiments indicate that chromatin
has different packaging conditions connected to distinct activation states.
Experimental evidence showed that packaging and activation states are closely
linked to positions of nucleosomes on the DNA which are actively regulated.
To improve the understanding of the interplay between nucleosome positions
and chromatin structure we applied computer simulations of a coarse-grained
chromatin model including fundamental physical properties such as elasticity,
electrostatics and nucleosome interactions. We calculated the effect of nucleo-
some positioning on the structure of polynucleosomes of different length
scales, up to the size of a gene locus. We compared chromatin models based
on synthetic positions with models based on experimentally derived nucleo-
some positions from cells at different stages of cell differentiation. Simulation
results revealed a significant influence of nucleosome positions on the three
dimensional structure of chromatin.
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Throughout all kingdoms of life, DNA is found to form compact structures.
DNA is neatly wound inside a viral capsid, DNA forms hierarchical structures
in cell nuclei, DNA could even be woven into complex 3D structures known as
DNA origami. Such a ubiquitous compaction is surprising, as it contradicts, at
the first look, the very basic physical properties of DNA: the high electrostatic
charge and resistance to bending at the scale of 50 nm or less. Experimental
work has shown that counterions surrounding DNA can considerably alter its
properties, for example, turning electrostatic self-repulsion into attraction.
Yet, elucidating the precise microscopic structure and mechanism of DNA-
DNA interaction in confined environment remains beyond the experimental
capability. Here, we report the results of all-atom molecular dynamics simula-
tions that investigated the microscopic structure of dense DNA assemblies and
the physics of interactions that makes such assemblies possible. First, we show
that a refined parameterization of ion-DNA interaction [1] permits the all-atom
MD method to quantitatively reproduce experimentally known properties [2,3]
of dense DNA arrays. Next we characterize the microscopic structure of the ar-
rays, elucidating their ionic atmosphere, preferred azimuthal orientation of
DNA molecules, the pair-wise additivity of DNA-DNA forces, the longitudinal
friction forces between DNA molecules, and the role of solvation force. Our
study demonstrates the ability of all-atom molecular dynamics simulations to
provide quantitative, accurate information about dense DNA systems, opening
exciting opportunities for future work in the area of synthetic DNA nanostruc-
tures, DNA packaging in viral capsids and cell nuclei.
[1] J Phys Chem Lett 3:45-50.
[2] Proc Natl Acad Sci U S A 81:2621-2625.
[3] Biophys J 94:4775-82.
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Chromatin remodeling enzymes use the energy of ATP to alter chromatin struc-
ture by disrupting DNA-histone contacts. These enzymes play a major role in
the regulation of all nuclear processes, including transcription, replication, and
DNA repair. A major goal in chromatin biology is to understand how the basic
biochemical mechanisms of these chromatin remodelers relate to, or even
dictate their regulatory roles in vivo. INO80 is a 15-subunit chromatin remod-
eling complex from S. cerevisiae. INO80 is involved in the transcription of over1000 yeast genes, and has additional roles in processes that promote genomic
stability such as DNA repair. Unlike most remodeling enzymes INO80 contains
several active ATPases. In addition to the canonical remodeling ATPase,
Ino80p, the complex also contains two hexameric AAAþ ATPases, Rvb1 and
Rvb2. Our work seeks to understand the mechanism of nucleosome remodeling
by INO80 as well as the roles that Rvb1 and Rvb2 have in this process. We
employ several types of remodeling and ATPase assays to gather information
about the kinetics of the different steps in remodeling. We have discovered
that nucleosome movement by INO80 involves a fast step that is detectable
by FRET, followed by a slow step that is detectable by a change in migration
of the nucleosome on a native gel. Both steps are greatly affected by the length
of extra-nucleosomal DNA. Interestingly, this length sensing behavior by
INO80 is not strongly coupled to ATPase activity of the complex.
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In eukaryotic cells, transcription activation and repression are regulated by
transcription factors (TFs) and nucleosomes. Although it has been demon-
strated that a TF and a nucleosome can directly compete for binding to the
same region of DNA, it is unclear whether and how such a competition may
continue after a TF has been bound and a nucleosome has been assembled.
In this study, we have addressed an aspect of this question by investigating
whether a nucleosome under remodeling can displace a bound TF. We deter-
mined the locations of both a nucleosome and a TF on DNA by mechanically
unzipping the DNA molecule. We found that under the action of ISWI remod-
eling, a nucleosome was not repositioned past a TF. In contrast, under the ac-
tion of SWI/SNF remodeling, a nucleosome was repositioned past a TF with
concurrent eviction of the TF from the DNA. Our results demonstrate a novel
mechanism for how TFs may be regulated via dynamic repositioning of
nucleosomes.
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Insulators are regulatory DNA elements demarcating the boundaries between
differentially expressed genomic regions. Five insulator binding proteins
(IBPs), BEAF-32, dCTCF, Su(Hw), GAF and Zw5, and two co-factors,
CP190 and Mod(mdg4)67.2, have been described in Drosophila melanogaster.
These factors have been reported to maintain physical interactions between
distant genomic sites. Such evidence predicts that insulator proteins should
form multi-protein clusters that regroup specific sequences, by establishing
long-range chromatin contacts, which ultimately help define gene expression
programs.
Despite the thorough mapping of protein binding sites and genome-wide inter-
actions, the clustering of IBPs has been inferred from biochemical experiments,
in which heterogeneity and dynamics are intrinsically averaged out. Direct
monitoring of the spatial organization, dynamics and distribution of IBPs and
their partners require single-cell microscopy approaches. However, these mea-
surements have been so far hampered by the size of IBP clusters, the high local
protein density, and the intrinsic resolution limit of conventional microscopies.
Here, we implemented 3D Structured Illumination (SIM), multicolor and 3D
localization-based (PALM/STORM) microscopies, with lateral resolutions of
~100 and ~20 nm respectively, to explore IBP clustering and its implication
in gene expression regulation.
We find that under normal growth conditions, BEAF-32, CP190, and dCTCF
form 100-300 nano-clusters per nucleus, with a mean size of ~40 nm, both in
transfected and immuno-stained Drosophila S2 cells. The number and distribu-
tion of nano-clusters display cell-to-cell variability, consistent with IBP roles in
maintaining chromatin organization throughout cell divisions. Two-color SIM
and STORM showed different classes of IBPs and co-factors co-localize with
characteristic patterns. Furthermore, different IBP clusters specifically asso-
ciate with gene activity markers like RNA Pol2 and epigenetic histone modifi-
cations. Our study introduces a highly sensitive approach to functionally
investigate the complex interplay between chromatin folding and gene regula-
tion, with single-molecule resolution.
